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The mortality rate of a cohort of asbestos workers was investigated in Tianjin, China, 
ietween January 1, 1972, and December 31,1987. The cohort consisted of 662 males and 510 
.emales, employed in asbestos textiles, friction material, and asbestos cement manufactur¬ 
ing. A statistically significant excess mortality was observed for lung cancer in both males 
and females (SMR 278 and 427, respectively). An increasing trend in SMR was observed 
with increasing intervals of exposure as well as with increasing exposure level. A synergistic 
effect was seen between asbestos exposure and cigarette smoking regarding lung cancer. 

The ratio of smoking and nonsmoking lung cancer death rates was virtually the same in 
asbestos and in nonasbestos workers. This ratio was approximately 1.6, a value much less 
than that reported in other countries. This low ratio appears to reflect the fact that many 
nonscnokers were in fact passive cigarette smokers. Second, it reflects the fact that most 
smokers smoked hand-rolled tobacco, since manufactured cigarettes did not become pop- 
r in China until 1965. These data confirm the hazards of asbestos exposure in developing 
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INTRODUCTION 


The high prevalence of carcinoma in workers exposed to asbestos and the 
increased incidence of lung cancer in particular are very well known (for example, 
623 New York-New Jersey insulators, 17,800 United States-Canada insulators, 
933 Amosite factory workers, and 689 asbestos factory workers). Preliminary 
results t'rom the cohorts established by Selikoff and his colleagues at Mount Sinai 
(Selik 'el al., 1970, 1979, 1980; Selikoff and Lee, 1978) support this finding. We 
show tnat the death rate from lung cancer is much higher than would be expected 
among persons of similar age not employed in the asbestos trade. To date, more 
•ban 30 cohorts studies have been carried out among asbestos workers in several 
Countries. 

An asbestos industry has developed since the 1950s in China. This is a report of 
a cohort study in 1987 in an asbestos product factory in Tianjin. 


METHODS 


19:5 this factory was formed by merging several small asbestos plants 
Hounded before 1949. There are five workshops (carding, twisting, friction mate- 
cement, and maintenance). 

L members of the cohort were workers who were employed in the Tianjin 
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TABLE 1 

Concentration (mg/m 3 ) of Asbestos Dost by Workshop 


Mean concentration 
of asbestos dust 


Concentration of asbestos 
through 1975-1979, 1982, 
and 1986 


Workshop and job 

1964 

1974 

Medium 

Range 

Carding and spinning 

Milling 

22.5 

16.7 

14.7 

2.9-23.3 

Mixing 

34.5 

12.7 

10,2 

1.8-15.3 

Carding 

— 

— 

6.2 

2.2-26.1 

Roving 

37.5 

39.4 

1.2 

0.3-8.9 

Spinning 

— 

4.3 

3.9 

0.3-8.6 

Twisting 

Universal winding 

12.6 

3.2 

2.4 

1.3-3.1 

Braiding 

8.3 

3.8 

2.3 

0.6-3.5 

Foster winding 

12.2 

9.2 

8.7 

2.2-10.3 

Braided rope 

8.3 

4.7 

3.7 

0.5-4.8 

Friction material 

Grinding 

22.5 

24.3 

3.8 

1.2-29.8 

Mixing 

— 

20.2 

10.5 

1.8-19.5 

Crushing 

— 

88.8 

2.S 

1.9-3.5 

Cutting 

— 

72,3 

58.4 

4.2-75.9 

Inspection 

32.0 

— 

22.3 

11.8-22,3 

Hot 

— 

4.6 

4.2 

3.2-5.1 

Pressing 

Cement 

Milling 

41.4 

23.8 

20.8 

8.7-30.3 

Crushing 

34.2 

24.2 

14.6 

12.8-28.5 

Mixing 

166.6 

39.6 

20.0 

4.3-42.4 


m 


TABLE 2 

Distribution of Persons by Ace and Sex among Asbestos Workers 
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CHRYSOTILE ASBESTOS WORKERS, 1972-1987 
TABLE 3 

Person-Years: Deaths from All Causes and from Total Cancer 


Age 


Person-years 

Total deaths 

Total cancer deaths 

Male 

Female 

Total 

Male 

Female 

Total 

Male 

Female 

Total 

~ts 

114.38 

108.82 

223.20 

0 

0 

0 

0 

0 

0 

20 

513.77 

417.41 

931.18 

0 

0 

0 

0 

0 

0 

25 

870.44 

836.02 

1706.46 

2 

0 

2 

0 

0 

0 

30 

1203.79 

1253.36 

2457.15 

0 

1 

1 

1 

0 

1 

35 

1071.00 

1362.21 

2433.21 

3 

1 

4 

0 

1 

1 

40 

1126.09 

1398.39 

2524.48 

6 

1 

7 

1 

0 

1 

45 

1088.27 

1078.98 

2167.25 

12 

5 

17 

2 

4 

6 

50 

1171.85 

696.01 

1867.86 

16 

4 

20 

3 

2 

5 

55 

1061.34 

315.32 

1376.66 

25 

2 

27 

10 

1 

11 

60 

808.27 

149.70 

957.97 

21 

5 

26 

8 

3 

11 

65 

459.54 

108.86 

568.40 

18 

3 

21 

2 

2 

4 

70 

204.78 

82.38 

287.16 

8 

4 

12 

3 

0 

3 

75 

50.47 

46.51 

96.98 

3 

6 

9 

0 

0 

0 

80 

22.43 

26.24 

48.67 

1 

2 

3 

0 

1 

1 

85 

4.00 

7.41 

11.41 

1 

l 

2 

0 

0 

0 

90 

0.00 

0.01 

0.01 

0 

0 

0 

0 

0 

0 

Total 

9770.42 

7887.63 

17,658.05 

116 

35 

151 

30 

14 

44 


asbestos products factory on January 1, 1972, and had been exposed to asbestos 
for at least 1 year by that time. There were 1,172 individuals in the cohort (662 
men and 510 women). 

An employment card indicated each worker’s name, date of birth, sex, marital 
status, address, and a detailed work history. Deaths from all malignant tumors 
were diagnosed by radiographic or pathological evidence. 

Exposure levels were divided into three ranks as follows: 

High—workers who worked in carding, spinning, friction material, or cement at 
least ' ear before 1974. 

Mid.^e—who worked less than 1 year at high-exposure level locations before 
1974 and worked in other workshops 5 years, or more than 10 years In high- 
exposure level workshops after 1974. 

Low—workers who worked in the twisting workshop or in the other workshops 
less than 10 years after 1974. 

Any subject that smoked one or more cigarettes per day for at least 1 year was 
li Considered a smoker. The smoker’s history was determined by the following data: 
| aumber of cigarettes smoked each day, beginning smoking age, and number of 
^ Jears smoking. 

Cone .duration of dust was measured by weight in mg/m 3 . 



RESULTS 


E**- 1 . Large changes in the concentration of asbestos dust occurred after 1974 be- 
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TABLE 4 

All Causes of Death Compared with Mortality Rate of Tianjin Population 




Male 



Female 



Total 


Cause of death 

Observed 

Expected 

SMR 

Observed 

Expected 

SMR 

Observed 

Expected 

SMR 

Total death 

116 

89.84 

129* 

35 

40.71 

87 

151 

130.55 

116* 

Total cancer 

30 

21.30 

141 

14 

7.04 

199* 

44 

28.34 

155* 

Lung 

14 

5.03 

278* 

7 

1.64 

427* 

21 

6.67 

315* 

Stomach 

7 

5.57 

126 

0 

1.78 

— 

7 

6.35 

110 

Liver 

5 

5.00 

100 

0 

1.66 

— 

5 

6.66 

75 

Breast 

0 

— 

— 

3 

0.25 

— 

3 

0.25 

— 

Other 

4 

5.70 

70 

4 

1.71 

— 

8 

7.41 

108 

Diseases of 

circulatory system 

36 

49.58 

73* 

9 

18.78 

48* 

45 

68.36 

66* 

Cerebrovascular 

26 

23.18 

112 

4 

9.93 

— 

30 

33.11 

91 

Pulmonary 

Tuberculosis 

9 

4.23 

212* 

2 

2.28 

— 

11 

6.51 

169 

Asbeslosis 

5 

— 

— 

0 

— 

— 

5 

— 

— 

Other respiratory 

diseases 

20 

7.70 

259* 

9 

4.08 

220* 

29 

11.78 

246* 

Diseases of 

digestive system 

7 

7.86 

89 

0 

— 

— 

— 

— 

— 

Accident 

6 

4.32 

138 

1 

1.44 

— 

7 

5.76 

122 

Others 

3 

1.94 

— 

0 

— 

— 

— 

— 

— 


* P < 0.05, 
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CHRYSOTILE ASBESTOS WORKERS, 1972-1987 2, 

TABLE 5 

Observed and Expected Lung Cancer Deaths by Lapsed Time Since Initial Exposure 


Years since initial 
exposure 

Observed 

Deaths 

Expected 

SMR 

<20 

2 


0.48 

_ 

20- 

14 


4.50 

31,** 

35- 

5 


1.68 

297’ 

______ 

-- 'JSp* - 





* P < 0.05. 
** P < 0.01. 


cause of equipment changes and installation of exhaust ventilation at some oper¬ 
ations. The mean concentration of asbestos dust in 1964 and 1974 and the medium 
con- .ntrations of asbestos dust (1975-1979, 1982 and 1986) are shown in Table 1. 

The distribution of persons by age and sex among asbestos workers in 1972 is 
shown in Table 2. 

The average age of death from all causes was 59.45 and 58.45 for men and 62.78 
for women. The average age of death from cancer at all sites was 56.95 and 57.5 
for men and 55.78 for women. 

The person-years deaths from all causes and cancer are shown in Table 3. 

The causes of death and SMRs are shown in Table 4. 

Observed and expected lung cancer deaths by lapsed time since initial exposure 
are s' wn in Table 5. The longer the period of time since the initial exposure, the 
highc -.he risk a worker dying from lung cancer; but the risk 35 years after initial 
exposure is tower than that between 20 and 35 years. The observed and expected 
lung cancer deaths by duration of exposure are shown in Table 6. 

Table 7 shows the observed and expected lung cancer death by exposure level 
and cumulative exposed dose. 

The observed and expected lung cancer deaths for asbestosis and nonasbestosis 
are shown in Table 8. 

Table 9 shows the relationship between lung cancer and asbestosis, OR - 
2.597. P < 0.05. There seems to be a relationship between lung cancer and as¬ 
bestos 

Lung cancer by asbestosis and by exposure level is shown in Table 10. 


TABLE 6 

Observed and Expected Lung Cancer Deaths by Duration of Exposure 


^ Vears of exposure 

Observed 

Deaths 

Expected 

SMR 

b- i-u 

5 


2.27 

220 

k- u- - 

11 


3.64 

302” 

p_ 30- 

5 


0.75 

667” 


'P < 0.01. 
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TABLE 7 

Observed and Expected Lung Cancer Deaths by Exposure Level and Cumulative 

Exposed Dose 



Deaths 


Cumulative 

Deaths 


level 

Observed 

Expected 

SMR 

(mg/m 3 yr) 

Observed 

Expected 

SMR 

Low 

0 

1.07 

_ 

<400 

10 

3.42 

289** 

Middle 

8 

2.32 

345** 

400- 

6 

2.21 

271*' 

High 

13 

3.28 

396** 

800- 

5 

1.03 

485*’ 


** p < 0.01. 


The relationship between smoking and lung cancer is shown in Table 11. 

The ratio of lung cancer deaths among cigarette smokers to that among non- 
smokers in the control group was 1.57 and that in the asbestos-exposed group 
was 1.6. 

The ratio of lung cancer deaths of nonsmokers with asbestos exposure to those 
without asbestos exposure was 5.44. The ratio of lung cancer deaths of smokers 
with asbestos exposure to those without asbestos exposure was 5.54, 

DISCUSSION 

The principal finding of this investigation was a strong relationship between 
lung cancer and asbestos exposure among asbestos workers in China. Dose- 
response relationships were seen between lung cancer mortality and (1) intense 
exposure, (2) duration of exposure, (3) lapsed time since initial exposure, and (4) 
cumulative asbestos dust exposure. These findings are similar to those observed 
in the cohorts of asbestos workers studied at Mt. Sinai by Selikoff and colleagues 
as well as by authors in other nations. 

A synergistic effect between asbestos and cigarette smoking was observed. Our 
findings in this regard are similar to those observed by Selikoff et al. However, 
there is an important difference between our findings and those observed in West¬ 
ern countries; the ratio of smoking and lung cancer deaths is substantially lower 
than that in most nations—approximately 1.6. This low ratio of lung cancer mor¬ 
tality among smokers to that among nonsmokers appears to reflect two factors: (1) 
most nonsmokers were in fact passive smokers, because cigarette smoking is 


TABLE 8 

Observed and Expected Lung Cancer Deaths in Asbestosis and Nonasbestosis 


Deaths 
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CHRYSOTILE ASBESTOS WORKERS, 1972-1987 
TABLE 9 

The Relationship between Luno Cancer and Asbestosis 


Lung cancer 


Asbestosis 


Note. OR = 2.597; 95% CL = 1.07-6.32. 


Ijughly prevalent in China and rooms tend to be small; (2) the tobacco smoke 
/f intake of most smokers was relatively low, because until 1965, manufactured 
^Cigarettes were not available in China and most smokers were able to use only 
ftand-. oiled cigarettes. 


:*■ CONCLUSION 

4m. 

,,4; An asbestos industry has developed in China since the 1950s. During this 40- 
h£$_year period, a strong effect of asbestos exposure on lung cancer mortality has 
'■jbeen observed among asbestos workers in China. 

4. Lung cancer mortality among Chinese workers is related to (I) intensity of 
viexposure, (2) duration of exposure, (3) lapsed time since initial exposure, and (4) 
i'j,Cunu:k : ve asbestos dust exposure. 

rjsL A re. aionship was observed between lung cancer and asbestos. These findings 
&«rc similar to those of many other authors (Enterline el a!., 1967; Sluis-Cremer, 
1980; Cooperative Research on Cancer Caused by Asbestos, 1987). 

Asbestos was found to play a synergistic role with cigarette smoking in the 
causation of lung cancer. 

Nonmalignant pulmonary diseases (including asbestosis and tuberculosis) are 
Hill the major cause of death in China at present. Lung cancer mortality, however, 
h anticipated to increase in the future as a consequence of exposure to both 
r jttbestos and cigarette smoke. 

M Preve :ve efforts should focus on reduction of occupational and environmental 
^exposure to asbestos as well as smoking cessation. 


TABLE 10 

Lung Cancer bv Asbestosis, Exposure Level 


Lung cancer 



level 

Widrilr 

Ht Yes 

Bv Bigh 
K Yes 
P No 
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TABLE !1 

Lung Cancer Death Rates 20 or More Years prom Onset of Exposure in Relation to 

Cigarette Smoking 


Group 

Asbestos 

exposure 

Cigarette 

smoking 

Death 

rate 

Mortality 

ratio 

Control" 

No 

No 

38.27 

1.00 

Asbestos workers 

Yes 

No 

208.23 

5.44 

Control" 

No 

Yes 

60.31 

1.57 

Asbestos workers 

Yes 

Yes 

334.24 

8.73 


Note. Death rate based on deaths per 100,000 person-years standardized for age and smoking habits. 
“ Control: 3219 workers not exposed to asbestos or to dust, fumes, or vapor. 
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